are protected furbearers and can be legally killed without limit during the trapping season of 1 November to 15 March (New Mexico Department of Game and Fish 2011) . In years of high prices, over 100,000 ringtail pelts have been sold nationwide (Kaufman 1987) . In New Mexico, an average of 546 ringtails were killed by trappers each year between 1980 and 2011, with as many as 1580 killed in a single season (New Mexico Department of Game and Fish, unpublished records) . Given the lack of knowledge of ringtail ecology and the potential for high human-caused mortality, it is important that greater understanding of ringtail ecological relationships and population dynamics be obtained, especially in those areas where ringtails are not protected.
STUDY AREA
The study was conducted in the Los Pinos Range of the Sevilleta National Wildlife Refuge (NWR) and adjacent U.S. Department of Agriculture Bureau of Land Management lands, Socorro County, New Mexico (Fig. 1) . Habitat was primarily juniper ( Juniperus monosperma) savanna, with limited piñon-juniper (Pinus edu lis, J. monosperma) woodland (described by Dick-Peddie 1993; see also http://sev.lter net.edu, research sites Goat Draw and Cerrom Montoso). Dominant grasses were grama grasses, including Bouteloua eriopoda, B. gracilis, B. curtipendula and B. hirsuta. Dominant shrubs were mountain mahogany (Cercocarpus montanus), scrub live oak (Quercus turbinella), gray oak (Q. grisea), and Apache plume (Fallugia paradoxa) . Cacti purple-fruited prickly pear (Opuntia phaeacantha) and candelabra cholla (O. imbricata) were common. Elevations were 1900-2300 m. Topography was hilly, and generally very rocky, with many cliffs, outcroppings, talus slopes, and gravel fields. Mean monthly maximum and minimum temperatures were 20.5 °C and 6.6 °C, respectively, from 1999 to 2007, and 20.3 °C and 6.6 °C, respectively, in 2009 , the only year during fieldwork for which complete local weather data was available (Sevilleta LTER 2012) . Annual precipitation averaged 284 mm from 1999 to 2007 and was 334 mm in 2009. There were only 3 sources of permanent water within the study area: 2 small water troughs for wildlife and a small pond for livestock outside of the refuge.
METHODS
Trapping was conducted from September 2008 to April 2010. Ringtail tracking was conducted from September 2008 to April 2011. Ringtails were captured in 82 × 26 × 32 cm 3 or 49 × 17 × 17 cm 3 single-door cage traps (Tomahawk Live Traps, Tomahawk, WI) baited with canned sardines or with raisins and grape jelly. Bobcat (Lynx rufus) urine (Blackie's Blend, Glenmont, OH) was used as a lure at one-half of the traps (Box 2002) . I alternated combinations of baits and the lure to test effectiveness. I compared trapping success between baits with chi-square tests. I placed traps in rocky areas or dry creek beds where I found ringtail scats. Ringtails were transferred to a 32 × 37 × 77 cm 3 restraint cage (Tomahawk Ringtails were located by radiotelemetry during weekly visits to the study area. To triangulate ringtail positions, I used 2-4 directions obtained no more than 20 minutes apart with a handheld H-antenna by driving or hiking between telemetry sites. Maximum and minimum useful separations of ringtail directions were 160°and 20°, respectively. I attempted to locate each ringtail once during daytime and 2-3 times during nighttime, with all relocations of a single individual at least 2 hours apart. I used the program Locate II (Nams 2000) to determine triangulated ringtail locations. I used the program Ranges 8 (Kenward et al. 2008) to estimate home-range sizes, using minimum convex polygon and fixedkernel methods. I compared home-range size estimates between males and females using Mann-Whitney U tests, and using a Pearson correlation, I examined the relationship between number of relocation points and estimated home-range size. Nightly ringtail movements were measured by the distance moved between dens on successive days. I compared the movements of males and females with t tests and compared movements by each sex between seasons with ANOVA procedures in Microsoft Excel ® .
Telemetry error was assessed by recording directions to radio-collared ringtails in dens, locating the dens by homing in on the signal afterward, then comparing the triangulated location with the true location. In this way, a sample (n = 30) of comparisons were obtained using ringtails in natural locations, rather than using radio-collars artificially placed in the study area. The average separation between direction recording sites was 0.58 km. The average 95% error polygon (White and Garrott 1990:53) was 0.21 km 2 for 2 directions obtained at 90°to each other and from sites separated by 0.58 km.
Previous authors have reported that ringtails change dens frequently (Toweill and Teer 1980 , Callas 1987 , Ackerson and Harveson 2006 . It is conceivable that inspection by observers may have prompted ringtails to change dens sooner than they would have naturally. To examine the hypothesis that visitation by an observer at a den prompts ringtails to change dens, I used a t test to compare the average distance between successively used dens when I approached no closer than 20 m (n = 53 dens) with the average distance between successively used dens when I approached within 1 m (n = 66 dens). I alternated approaching dens within 1 m and not approaching within 20 m on a biweekly basis to avoid possible seasonal effects.
Ringtail activity level was measured by the number of variations of signal strength during 1-2 min observing sessions. I considered ringtails to be active if signal strength varied at least twice during a session and inactive otherwise. I qualitatively compared times of onset and cessation of ringtail activity to times of sunset and sunrise (UNSO, Astronomical Applications Department 2010) .
I located dens by homing in on signals during daytime. I described den settings as in or behind rocks, shrubs, rocks and shrubs, trees, or holes in the ground. I also noted the presence or absence of woodrat (Neotoma sp.) middens because they provide additional structure to the microhabitats of dens. Seasons were autumn (September-November), winter (December-February), spring (March-May), and summer (June-August). I examined use of den settings with chi-square tests.
Causes of mortality of radio-collared ringtails were determined by examination in the field or by necropsy by Dr. Flint Taylor (Veterinary Diagnostic Services, New Mexico Department of Agriculture) or Dr. John Heidrich (Town and Country Animal Clinic, Albuquerque, NM). Survival rates were estimated using a Kaplan-Meier estimator with a staggeredentry design (Pollock et al. 1989) . Dead ringtails were deposited at the Museum of Southwestern Biology, University of New Mexico, Albuquerque, New Mexico. Ages of dead ringtails were determined by cementum analysis of a lower canine tooth by Matson's Laboratory, Milltown, Montana.
I collected ringtail scats during periodic surveys of known areas of ringtail activity and haphazardly when encountered. I defined latrines as accumulations of ≥2 scats. I measured the maximum diameter of scats to the nearest millimeter to aid in future identification of ringtail scats (Halfpenny 1986 ). Species origin of scats was confirmed by mitochondrial DNA analysis by Dr. David Paetkau, Wildlife Genetics International, Nelson, British Columbia, Canada. Initial diet assessment was performed by ATCG Laboratory (Central Michigan University, Mt. Pleasant, MI, Dr. Bradley Swanson, Director). Scats were dissected without washing. Initial identification of contents was obtained by comparison to museum specimens, seeds collected from the study area, and published references, with consultation by experts at Central Michigan University. I performed further identification of seeds and teeth. Identification of insect remains was confirmed and expanded by Dr. Sandra Brantley, Arthropod Division, Museum of Southwestern Biology, University of New Mexico, Albuquerque, New Mexico. I described diet by percent frequency of occurrence of prey items in scats (percentage of scats in which a prey item appeared) and percent frequency of occurrence in all prey items (percentage of all prey items represented by a specific prey item; Lancia et al. 2005) . Species identification of hair found in scats but not accompanied by identifiable teeth or bones was conducted using mitochondrial DNA by Dr. David Paetkau, Wildlife Genetics International, Nelson, British Columbia, Canada. All hairs were cleaned vigorously in hot water prior to DNA extraction. Because ringtail DNA tended to be more abundant in extracts than DNA from prey species, a primer system was designed that amplified poorly from procyonids, allowing prey DNA to out-compete ringtail DNA during PCR. DNA was extracted by first dissolving 40-80 hair shafts in a mixture of QIA-GEN ATL lysis buffer, proteinase K, and dithiolthreitol (DTT; Müller et al. 2007 , Sato et al. 2010 . Once the hair shafts were fully dissolved, DNA was purified using QIAGEN DNeasy Tissue kits. Deviations from QIA-GEN's standard protocol were as follows: (1) adding DTT to the initial ATL digest; (2) extending the length of that digest from 1 h to overnight; and (3) recovering the DNA in a volume of 30 μL instead of the more typical 200-400 μL suggested by QIAGEN1. The species test was a sequence-based analysis of the mitochondrial 16S rRNA gene (Johnson and O'Brien 1997) . A dramatic reduction in amplification of ringtail DNA was achieved by designing a "universal" mammalian 16S primer ending at a position where ringtails have a different nucleotide than rodents and lagomorphs. Two variants were observed in rodents, necessitating the use of 2 anti-ringtail primers which were mixed in equal proportions prior to use.
RESULTS
I captured and radio-collared 18 ringtails (9 M, 9 F) in 523 trap-nights, achieving success rates of 3.4% for initial captures and 8.4% for both initial captures and recaptures. I also captured rock squirrels (Spermophilus variegatus; 16), gray foxes (Urocyon cinereoargenteus; 13), woodrats (Neotoma sp.; 6), and one hog-nosed skunk (Conepatus mesoleucus). Considering initial captures only, I found no effect of bait combinations (canned fish, canned fish plus bobcat urine, raisins and grape jelly, raisins and grape jelly and bobcat urine) on trapping success rate (χ 2 = 0.524, v = 3, P = 0.919). I also found no effect of using bobcat urine on trapping success rate (χ 2 = 0.845, v = 1, P = 0.845). Considering initial captures and recaptures, I found no effect of bait combinations on trapping success rates for all ringtails (χ 2 = 2.364, v = 3, P = 0.501), females only (χ 2 = 0.977, v = 3, P = 0.200), or males only (χ 2 = 2.586, v = 3, P = 0.452). I also found no effect of using bobcat urine on trapping success rates for all ringtails (χ 2 = 0.818, v = 1, P = 0.243), females only (χ 2 = 0.067, v = 1, P = 0.813), or males only (χ 2 = 0.862, v = 1, P = 0.383). Males were not more likely than females to be recaptured (χ 2 = 0.136, v = 1, P = 0.726).
All ringtails were adult size when captured (≥0.75 kg; Kaufman 1987) . In comparisons of weight and body size of males and females, males were significantly longer in their bodies, but they were not significantly heavier or longer in foot, tail, or ear length (Table 1 ). The 95% confidence interval for the difference of body length between males and females was 16 + -4.9 mm. Tail length as a percentage of body length was not significantly different between males and females (t = 0.662, df = 15, P = 0.518). No females were obviously pregnant when weighed. Captures of males and females were similarly distributed throughout the year (January-April: 8 M, 7 F; September-November: 3 M, 4 F; one male and one female were each recaptured and reweighed twice).
Home-range size estimates were available for 13 ringtails (7 F, 6 M; Table 2 ). Ringtails were observed for an average of 237 days (range 62-602 days), yielding an average of 70 relocations each (range 21-199 points). Due to the rugged terrain of the study area and lack of road access, some ringtails could be observed only during daytime when it was possible to hike to observation points such as hilltops, and other ringtails could be observed only during nighttime when they were outside of dens and their signals could be obtained from the road system. No home-range size estimate was recorded until the observed home-range size appeared to reach a plateau with successive additions to the set of observations. Home-range size estimates for inactive periods were much larger for males than females (n 1 = 6, n 2 = 7, U ≥ 36, P ≤0.05 for all 5 home-range size estimators in Table 2 ). The sample during active periods was too small for statistical comparison.
Home-range size estimates for ringtails with both inactive (in dens) and active (out of dens) estimates were available for 5 ringtails (3 F, 2 M). Average home-range size calculated from inactive estimates were as follows: 95% fixed kernel, 239 ha; 50% fixed kernel, 69 ha; 100% minimum convex polygon (MCP), 572 ha; 95% MCP, 302 ha; 50% MCP, 53 ha. Average homerange size calculated from active estimates were as follows: 95% fixed kernel, 302 ha; 50% fixed kernel, 98 ha; 100% MCP, 494 ha; 95% MCP, 272 ha; 50% MCP, 76 ha. Sample size was too small for statistical analysis, but kernel and 50% MCP estimates may have been larger for active periods than for inactive periods. In contrast, 100% and 95% MCP estimates may have been larger for inactive periods than active periods. I found no significant correlation between the number of relocation points and home-range size (R 2 = 0.122, F = 1.114, P = 0.322, n = 10 ringtails).
On an annual basis, males did not move significantly farther between dens than females (t = 0.292, df = 170, P = 0.770), and there were no there seasonal differences in male movements (F = 0.736, df = 52, P = 2012] RINGTAIL ECOLOGY AND BEHAVIOR 499 0.535; Table 3 ). Female movements were least in summer, and greatest in autumn (F = 7.091, df = 118, P < 0.001; Table 3 ). Because of large variation, seasonal movements did not show significant differences between sexes (Table 3) . Both males and females remained in the same den on 24.4% of successive nights, thus changing dens approximately 3 of 4 nights. Average stay in a given den was 1.3 days. Although ringtails appeared to move greater distances between dens on successive nights when I approached within 1 m of dens than on successive nights when I stayed at least 20 m away, differences were not significant due to large variations (t = 1.338, df = 117, P = 0.184; Table 3 ). Also, ringtails changed dens during 74.2% of nights after I approached within 1 m and during 73.6% of nights after I remained at least 20 m away.
Ringtails were completely nocturnal, with no significant activity between sunrise and sunset (Fig. 2) . Activity increased to nighttime levels within the first hour after sunset and decreased to zero within the last hour before sunrise.
Overall, approximately 50% of dens were in rocks, 25% were in shrubs, and 25% were in shrubs and rocks, holes in the ground (primarily holes in dry creek banks), and trees (Table 4) . Den type use varied by gender (χ 2 = 18.558, v = 4, P <0.001). Males used trees more and rocks and shrubs less compared with females. Den settings containing woodrat middens were mostly associated with shrubs, as well as rocks to a lesser extent (Table 4) . Males and females were not different in their use of dens with woodrat middens (χ 2 = 0.634, v = 2, P = 0.732). The distribution of den settings did not differ between dens that were used only once and dens used more than once (χ 2 = 4.313, v = 4, P = 0.382). Den setting use varied by season (χ 2 = 54.954, v = 12, P < 0.001). In summer and autumn, ringtails used rocks more than expected and shrubs less than expected. In winter, ringtails used rocks less than expected and shrubs and holes in the ground more than expected. No preferences were found in spring.
Of 237 individual dens observed, 68.4% were used once, 18.6% were used twice, 12.2% were used 3-8 times, and 0.8% were used 9-10 times. No tendency was found for ringtails to reuse certain den settings more than others among those dens used from 1 to 4 days (χ 2 = 24.197, v = 24, P = 0.706). Sample size was too small to include dens used more than 4 days. Predation was the most common cause of death of radio-collared ringtails (5 M, 4 F). In 6 of 9 cases, I found only fur or a few body parts remaining. In 2 cases, most of the bodies were intact, but meat had been neatly stripped down to bones, suggesting avian predation. I found remains of 6 of 9 ringtails that died of predation in open areas away from rocky cliffs or outcroppings. Although these ringtails may have been carried away from the site of capture, ringtails in open areas are more vulnerable to predation. Two additional ringtails were found intact with no traumatic injuries and cause of death unknown. One additional juvenile female died after being attacked while in a trap. Tracks in snow implicated that a cougar (Puma concolor) was responsible. The ringtail lost one front paw and had a severe laceration to an upper forelimb.
She was treated by John Heidrich, DVM, but died within 24 h of release. The signals of 4 males vanished abruptly after they presumably left the study area. Premature transmitter failure cannot be ruled out. The signal of one female, who had been monitored in the same area for over a year, was also lost abruptly, suggesting transmitter failure.
Annual survival averaged over 2 years was 0.367 for males (95% CI limits: 0.000, 0.770; n = 9), 0.384 for females (95% CI limits: 0.114, 0.718; n = 9), and 0.375 for males and females combined (95% CI limits: 0.102, 0.649; n = 18). Ages at death as determined by cementum analysis were available for 9 ringtails: <1 year, 1 female; 1-2 years, 4 females; 2-3 years, 1 female, 2 males; 4-5 years, 1 male.
Mitochondrial DNA analysis was used to identify the species of origin for the first 146 scats collected. Of these, 93.2% were confirmed as ringtail. The remainder failed or contained mixed results. No scats were identified as species other than ringtail, so DNA confirmation was not conducted for the re mainder of scats used for the diet sample. The average maximum diameter (+ -1 SD) for 75 confirmed ringtail scats was 10.5 + -2.5 mm (range 4-14 mm). I collected scats from 98 deposition sites, of which 59.2% were latrines containing ≥2 scats. Latrines contained 89.4% of observed scats (n ≥ 378 observed scats). Latrines of 2-7 scats contained 45.7% of scats, and latrines of ≥8 scats contained 43.7% of scats. It was often difficult to count exactly the number of scats in a latrine because of disintegration of older scats. The average (+ -1 SD) number of scats found in
2012]
RINGTAIL ECOLOGY AND BEHAVIOR 501 latrines was 5.8 + -3.5. The maximum number of scats found in a single latrine was ≥20.
DNA analysis of prey hair in scats was successful for 32 of 37 hair samples submitted. Scats most commonly contained remains of plants, followed by arthropods, mammals, birds, and reptiles (Table 5) . Among the individual diet items found, arthropods were the most common, followed by plants, mammals, birds, and reptiles (Table 5) .
502
WESTERN NORTH AMERICAN NATURALIST [Volume 72 
DISCUSSION
Trapping success in this study was near the maximum of the range of successes previously reported (Belluomini 1983 , Lacy 1983 , Callas 1987 , Yarchin 1988 , Wyatt 1993 , Ackerson and Harveson 2006 , Morales 2006 . A variety of baits and lures have been used previously, including strawberry and blackberry jams, raisins, muskrat (Ondatra zibethicus) meat, sardines, chicken, canned cat food, apples, tortillas, strawberry and raisin yogurt, and bobcat urine . However, no previous study quantified the efficiency of its baits. Neither bait type nor presence of a lure was found to affect capture success in this study. Given the omnivorous diet of ringtails, a variety of baits may be effective. Availability of natural foods may affect the attractiveness of baits, and I suggest that future researchers test several types.
Weights and body measurements of ringtails on the Sevilleta National Wildlife Refuge fell within ranges previously reported (Gehrt 2003) . In general, ringtails in New Mexico appear to be of medium size, in agreement with a rangewide examination of skulls of museum specimens by Kortlucke (1984) .
Average ringtail home-range size estimates from the Sevilleta NWR were among the largest reported, exceeded only by those of west Texas (Ackerson and Harveson 2006) . Males had larger home ranges than females, as found in all previous studies. Because 4 of 6 radio-collared males apparently left the study area, they may have been transients with home ranges larger than those of residents. However, the largest observed male home range (95% fixed kernel 732 ha, 100% MCP 1771 ha) was that of the male ringtail observed the longest (303 days until he was killed) and thus the most likely to have been a resident.
Home-range size estimates in the ringtail literature have been based on a variety of lengths of time. I found no correlation between the number of relocation points and home-range size on the Sevilleta, indicating 2012] RINGTAIL ECOLOGY AND BEHAVIOR 503 (Toweill 1976 , Callas 1987 , which raises the question of the relationship between homerange sizes based on dens only versus sizes based on nighttime observations only. No study previous to this one has made the comparison. I found that the relationship between the 2 measures may depend on the method of homerange estimation used. For minimum convex polygon estimators, how peripheral locations are excluded may also affect the relationship. Dens on the Sevilleta NWR were distributed widely throughout home ranges and not clustered. Similar observations were made by Trapp (1973 ), Toweill (1976 ), and Lacy (1983 . It was not uncommon for dens to be located on the periphery of home ranges, which for some home ranges produced the unexpected result that estimates for active home-range sizes were smaller than home-range sizes based upon dens. I found no significant effect of observer distance on distance moved between successive dens or on frequency of den changes, thus validating previous reports of den-changing frequency. Both this study and Yarchin (1994) found approximately one-third of dens to be reused during the observation period. Average distances between successive dens were farther on the Sevilleta NWR than distances re ported previously from south central Texas (306 mToweill 1976 ) and west Texas (186 m-Ackerson and Harveson 2006), but they were shorter than reported from northwestern California (854 m-Callas 1987). These observations suggest that ringtails on the Sevilleta move about their home ranges more extensively than ringtails in Texas but less extensively than those in northwestern California. These movement patterns are most likely due to differences in resource availability.
Small sample size resulted in a large 95% confidence interval for ringtail survival. However, ringtail survival appeared to be low, as would be expected for a small animal with a large number of potential predators. The only other reported survival estimate was that of Ackerson and Harveson (2006) , which was 0.191 + -0.099. I found no indication of a seasonal in crease in mortality. In contrast, Ackerson and Harveson (2006) reported an increase in spring. Based on the distribution of ages of dead ringtails, adult ringtails average 1-3 years old. Of 18 ringtails radio-collared, only one remained alive and in the study area 2 years after trapping began, al though at least one and as many as 5 additional ringtails may have been in the area carrying dysfunctional radiocollars. Ringtail populations likely experience high turnover and are thus very dynamic.
Management programs that reduce the density of predators on ringtails would be beneficial to ringtail populations. Aerial gunning of coyotes (Canis latrans) would be beneficial, but such action is very controversial. Elimination of furbearer trapping might benefit ringtails, as ringtails are attracted to the same traps as larger animals, but may also ultimately be detrimental to ringtails because the density of predators such as gray foxes and bobcats would increase. Given the flexibility of ringtail diet and den site selection, habitat modifications to benefit ringtails beyond restoring degraded habitats do not appear to be useful. The relatively large home ranges observed in this study indicate that ringtail populations in New Mexico may not be as dense as in other states, and thus greater care should be exercised by wildlife managers to ensure that ringtail populations do not become depleted by trapping.
Only 2 of the observed ringtail home ranges in this study contained a permanent water source. Neither ringtail was ever observed in the vicinity of this resource, which was a livestock watering pond in a valley lined by small cliffs. It is often stated in summaries of ringtail ecology as recent as Gehrt (2003) that ringtails require open water or that they are rarely found far from water sources. This erroneous concept originated from Grinnell et al. (1937) , who based their assertion on an unexamined statement from a single trapper. Both Richards (1976) and Chevalier (1984) presented evidence that ringtails can live without freestanding water if their diet is sufficient, which appears to be the case on the Sevilleta NWR. Toweill and Teer (1980) also reported ringtail home ranges with no permanent water. Open water is not an essential habitat requirement of ringtails.
The range of maximum scat diameters verified as ringtail in this study may be narrower than the true range. I did not collect scats >14 mm in diameter to avoid collecting gray fox scats. I also did not collect scats <4 mm to avoid collecting squirrel scats. Trapp (1973) reported an average ( + -1 SD) scat length of 9.63 + -1.87 mm (range 1-13 mm), but he identified scats by odor, appearance, and location. It seems unlikely that ringtail scats could be as small as 1 mm in diameter. The averages reported by Trapp (1973) and this study are likely close to the true averages, but the true range may be closer to 3-17 mm.
Ringtails on the Sevilleta NWR were truly omnivorous. Considering the 4 primary diet categories (plants, arthropods, mammals, and birds), 28.8% of scats contained remains from one diet category, 45.0% contained 2 categories, 24.0% contained 3 categories, and 2.2% contained 4 categories. Among arthropod prey, remains of as many as 15 distinct taxa were found within a single scat. Many ringtail arthropod prey on the Sevilleta NWR were chemically defended or venomous (Table 5 ). For example, vinegaroons (Mastigoproctus giganteus) defend themselves with acetic and caprylic acids (Eisner 2003) . How ringtails cope with such chemicals is not known. Conspicuously absent from items found in scats in this study were remains of acorn nuts from oak trees and shrubs (Quercus sp.). Acorns were commonly available in the Sevilleta NWR. Some diet studies have reported acorn consumption (Taylor 1954 , Wood 1954 ), but others have not (Trapp 1973 , Toweill and Teer 1980 , Yarchin 1988 , Ackerson and Harveson 2006 . Species of oak available may explain the difference. ACKNOWLEDGMENTS I thank the following colleagues for their valuable help in this study of ringtails: Jon Erz and Richard Pritchard of the Sevilleta National Wildlife Refuge provided logistical assistance and permission to conduct this study on the refuge; Drs. John Heidrich and Mike Richard provided assistance with ringtail handling procedures and emergency care of an injured ringtail; Dr. Sandra Brantley identified arthropod species; Dr. David Paetkau confirmed the species depositing scats; and Dr. Bradley Swanson and his staff conducted the initial processing of scat samples.
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